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1.0
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1.2
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2.0

OPS MODEL STUDY OBJECTIVES

Four primary objectives of this study were established by mutual
agreement of the NASA/GAC study team at the "Study Orientation Meeting".

These four objectives are defined in the following sections.

Describe and demonstrate the methodology used to quantify the resources
required in terms of facilities, Ground Support Eguipment and manpower.r
Create time distributions for selected functions to be expressed as

mean values modified by appropriate density distribution factors.

Investigation of the reasibility of automating modeling techniques to
reduce the aviount of time an analyst must spend examining the computer

runs, thereby obtaining useful outputs in a shorter period of time.

Performance of a critique of an existing MASA simulation model in

terms of programming, model utilization and output analysis.

These four obJjectives are detailed in Appendices A through D of this

report.

STUDY APFROACH

The Program was divided into three phases and the objectives
within each phase were identified, Figure 1 shows the flow of these

study functions. Those objectives identified in sections 1.3 and 1.4

were completed in phase I while the objectives stated in sections 1.1

and 1.2 were gcabmplished in Phases II and III.

The data and information generated in Phases I and IT were applied

to two Sample Cases to demonstrate the techniques involved in the

. J.'i'{
application of this type of data. - s
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2.1

3.0

SAMPLE CASES

. The methodology uged in resource quantification was identical in
anslyzing both Sample Cases. In Sample Case No. 1, & top level block
(Punctional Levelro) was taken from the NASA OPS model and expanded

to Functional Level II. The block chosen was the function of integrating

the Support Unit Simulator and the Experiment Module with Pallet. Tasks

within this basic functional block were defined and waterfall time lines‘

were deVeloped..

From the task definitions, resources in terms of facilities, Ground
Support Equipment and manpowér‘wére-derived based on analysis and past

experience, In assessing the manpower requirements, the factors affecting

‘availability were involved.

The task times from the waterfall were used in an off-line simulation

‘model which introduced randomness into these times to more realistically

represent an actual operation; the result of this program were used in

determing resource utilization.

For Sample Case No. 2, the Support Unit Simulstor was excluded and
the Sample Case examined the mating of the Support Unit itself with the
Experiment Module/Pallet combination. The result of the attendant run

indicated a reduction of elapsed time compared to Sample Case I,

CONéLUSIONS

| In analyzing the objectives identified in paragraphs 1.1 and 1.2
stﬁdy resouices-limited examination of more than the two Sample Cases
stated; however, even in this analysis it becomes apparent that
sensitivities will be apparent‘when applying the same methodolbgy to the
total functi&ﬁal flow, thereby becoming a valuable tool in‘eariy |

operational plamming. Without the use of a simulatngkEodeling technique,



3.0

CONCLUSIONS  (continued)

 the applications of time varistions manually, becomes manpower consuming

tasks with results that could come too late to allow effective

management decisions.

It is, therefore, recommended that this technique be applied to
all of the functional elements in the trunaround flow, tiering the time

lines created to gain visibility into possible pitfalls in the flow.

Thé anaiyéis performed in COnjuncfion ﬁith the objecti#e in
paragraph l.3'indicates that the automation of the simulation model,
to the exteht that the man is removed from the analysis loop is not
efficient. A time sharing computer termihél, bhowever, fulfills the
needs of MSFC to even a far greater extent, The significant improvement
in‘response time would more than offset the additional investment that

would be required for this type of system.

Tn studyiné the objectives of paragraph l.h ﬁe‘fould NASA's
gimulation modes to be a fairly accuraté repfesentation of one
alternative for the Shuttle Payload Ground Operating System. The model,
however, still required further expansion and detail in certain critical
points in the system. Consideration must also be given to‘the size of
the model. The model must be held in check to preﬁent it from becoming

too large and cumbersome to respond to active analysis.
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Introduction

With the advent éf our next step in Space, the Space Transportation
System and its highly increased Launch raﬁe, special tools must be
developed to permit rapid manﬁgement decisions, :Simuiation modeling is such
a tool to be used for the identification of system sensitivities to internal
and external influences and variablesﬂ Further, it provides a means of
expioring.alternate system procedures an& processes, so that these alternétés
may be considered on a mutually comparative basis permitting the selection of
Aa mode or mcdes of operation which have potential advantages to the syﬁtem user
and operator,

These advantages are measurements of system efficiency; such as, the
ability to meetISpecific scheduleé for operations, mission or mission readiness
requiremenfs, or performance standards and last but most significant to accomplish
these objectives within cost effeétive limits. It is the prerogative of ﬁanagement
to evaluate the data'developed‘b& the analyst through the simuwlation modeling |
technique and his interpretatibn of sensitive elements in the system, and to
select the system dlterﬁate or al£ernates which should eithef further be studied
or implemented,

Consequently, if the products'of simulation modeling are to have significance,
they must be in terms which are meaningful at management levels. Hence; terms
which reflect mission performance parameters referenced to operationél resource
costs are necessary. If true cost‘data are not available Eut the outputs are in
costabie units, such as, square'feét of facility space, or in skills and numbers
of people for manpower, étc., then a comparative evalﬁation with realistic terms
can be_ﬁade. The purpose of the following guidelines, conbepts, and technical

data is to aid and assist the analyst in developing OPS model outputs which are

. G=<

more generally understood and interpreted.
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Introduction ( continued)

lFour (4) study tasks were estabiished-by the mutual agreement of-the
NASA/GAC stﬁdy team at the "Study Orientation Meeting" held on _

2 and 3 bctober 1973, at Marghall Space Flight Center., The reéﬁlt of these tasks,
described below, are included as Appendices A through D, reSpeétivély,‘in this
final report. | ’ | ‘

Study Task No. 1 (Appendix A) was structured to define the methoaology used
to develop certain cﬁrves, tables, and matrices to quantify resources in terms
of facilities, ground support-equipmént, and‘operational maﬁpbﬁer. These
guidelines, approaches,.and technical data when applied to the OPS model analysis
will effect the model so that outputs will furnish users with information of
increased meaning. : ' E

The purpose of Task Nb,IE (Appendix B) was to develop data which‘closely'
reflects "real-world" situétioné.' The constant use of "Averageé" or "Means"
instead of random or varying processing "times" heglects an imporfant
considerétion in the overall Shuttle payload ground 6perations sysfem.

When all activities and tasks:are accomplished in a precise amount of time,
events can be scheduied with a great degree of-certainty. As these processing
"times" become less and less constant and start to vary, delays or blockages in
the system start to cccur. These delays can have an adverse effect on the ability
to meet the launch schedule, and mﬁst be takénrinto account. This is normally
done by expresging the processing "time" in terms of a Mean Value and a modifying
density distribution function.

Study Task No. 3 (Appendix'c) was td inveStigate the feasibility of aﬁtomating
modeling techniques for the purpose of determining capacities and quantities. This
tagk attempts to reduce the amount of time an analyst musﬁ spehd examining the .
computer runs, thus obtaining uséful outputs in a shorter period of time than

is currently being realized.
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Introduction {continued)

Study TaskINo. 4 (Appendix D) was to make NASA analysts at MSFC the
beneficiary of GAC's many years of experience in the field of simulation
modeling. GAC has éome_nine (9) years experience in developing computer
simulation models for analysis and quantification of support resources

(i.e. facilities, equipment, spares, personnel, ete.).

by
Koy
A
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2.0

2.1

2.1.1

APFENDIX A

STUDY TASK

This task was structured to define the methodology used to
quantify rescurce requirements needed in the Central‘Integration
Facility (CIF) for the turnaround functions of the Support Uni%'

Experiment Mbdulg and the experiments.

GENERAL INFORMATION

DEPTH OF ANALYSIS

Off-line analysié to be effeétive must be carried to a depth greater
than that represented by the similation model flow diagram. Dépending
upon éonstraints and informatidn desired this depth must be at least
one (1) level deeper. For most applications a "cuﬁ" of more than one

(1) level is required.

Figure No. 2-1, "OPS Model Evolution," shows the rela,t-ionship
between off-line analysié and simulation medeling for various
levels of modeling stu@ies. In addition, a brief description in
diagram. format shOW'the-leﬁel of detail of input data and output

information.

Factors Affecting Depth of Analysis

The limits and requirements affecting the depth of analysis possible

and required are:

a} The level of intelligence and information available
about the operational concept.

b)  The po%ential impact on system performance.

¢) The cost parameters of the Operations option(s) under

study. : ‘ . :1;”6(
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APPENDTX A

2.1.1 Factors Affecting Depth of Analysis - (Continued)

Item (a) is the least containing element for initial study
operations (lévels 1 and 2) due to the.fact that most systems-can
by_hypotheéized to a reasonable degree of validity, However, it

is important that the ground rules used and the asseﬁmptions madé
are clearly-sﬁafed for the uéers consideration. In additioh, the
ground fuleé and assﬁmptions should be updated to reflect the latest

information as the concept matures and evolves,

Ttem (b) should result as a direct oufput of the model. Model

flow paths and modes which generate Qpeing effects in the process,
reqﬁire largé amounts of .resources, and affect schedgles, missiop
readiness, etc generate requirements for greater depth of analysis

and system exploration.

2.1.2 . Cost Considerations

Item 2.1.1 (c) above, cost parametersm is the most important factor

| relative to the depth of analysis, due to fact that it is the most
utilized criteria for judging system option advantages or disadvahtages.
The prime cost considerations involve two (2) major elements:,

a) Peak annual funding requirements

b}  Program life cycle costing

Both of the above are influgncediby a further breskdown in cost
elements and the overlap of the parts of this breakdown in program
phasing. These are:

c¢) Development cost
d)  Operational cost

The overlap of (c) and (&) above is & function of:

e)  Program major milestones

fush
o
A

f} Mission requirements
g) Procurement, requirement justification and development

lead times.
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Resource Regquirements and Cost

Operations resource requirements which influence cost relationships

are.

o Fleet size - number of flightlarticles

o Site*réquiréments'- number, - location, and type

o Facility requirements - No., type, size, utilization

o GSE - quantity, type, utilization ‘

o Spares - flight articles and GSE

¢ Manpower - Ops éréw size and skills

o Transportation- & Handling - inter & intra site ground‘turnaround
o Training - for unique skilis acquisition and maintenance

‘0 Publications - technical‘data necessary for impleméntation

of operations.

These resource elements are 1nfluenced by the functlons in 2.1.2

(e), (£f) & (g) and in turn 1nfluence the cost elements in (a),

(b), (c) & (d). The improvement of system effectiveness involves
trade-off studies between the functional elements (2.1.2 - e, £, & g},
their subsequent impact on resource requirements and the total

influence on cost parameters.

Table 2-1, "Operations Resource Commodities, Cost Consideratioﬁs"
show the major cost aspects for various resource commodities iﬁ
disgram format. The relati§e values shown are referenced to‘the
total program cost. In addition, average funding lead times are

shown and general amortization periods indicated,

L

3%
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APPENDIX A

Model Flow_Diagram

Figure No.Z-Z shows aﬁ example of the OPS Model flow diagram.

Iﬁ the actual development of a flow diagram, logical segments

of the system are first established fhrough flowcharts. Starting
with blocks which represenf the major functions of the proposed
system, more detailed logic is then intrbduéed by adding,bloéks.

to depict more detalled operations.

After the overall logic of the system is established, certain
segments are extracted ffom the general diagrém and analyzed in
greater depth. Proceeding in this ﬁanner, the block diagfam

becomes more detailed. The amount of detail depehds-upon the
purpose and depth of analysis that is required. The goal is

to produce s disgram which clearly shows all decision points

in the system and which-can be used to verify all possible conditions
which arise during.the Opération of such a.system (note that such

a diagram is & model of ‘the system) .

Block diagrams provide the system analyst with & means of
visualizing the sequence in which the logical and arithmetic
operations take place within the system, ‘as well as the relationship

of one portion of the system to ancther.

It is usually desirable to keep the flow diagram as simple as
possible consistent with system complexity and yet provide

sufficient data so that the system can be understood., It is
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2.1.5

APPENDIX A

more effective, 1f expansion of a portion of the flow is
required for further investigation, to perform this as an
"off line" effort and incorporate the output of this analysis
as an input to determine the influence of that element on the
remainder of the system. This procedure is further discussed

in later sections of this report. ©See Sections 2.1.5 and 2.1.6,

Sel ion Criteria .

Unless the  study effort is to be very rigorously persued, there
is usually 1little to be gained by exploring or expanding every
facet of ﬁodel. Hence, to be'productive, the selection of model
paths for fUrthér analytic treatment, such as functional flow
analysis, time line developmeﬁt, efc., aﬁ ordering of priorities'
in qnalytié treatment is requifed. This ordering should allow
the enalyst to obtain ‘the greatest amount of useful quantitative

information for a specifie level of analytic depth with the least

amount of model complication. The priorities for selection include:

a) Those paths or modes that involve the greatest number

of the resources (see 2.1.3)

b) Those paths, loops, and flowé which generate process

queing effects (see 2.1.1-b)

c) Those parts of the model that involve the greatest

number of elements in (a) above which may be considered
"eost drivers" for the level of analysis in work or for

the program phase. under study;

#3
€



2.1.6

APPENDIX A

Selection Application Procedures - "Off-Line" Analysis
There are no hard and fast rules for developing "off-line"
analytic data. In any on-going model study, many efforts take

place in péraliel. As iterative analysis steps are performed

- and knowledge of the system sensitivities is acquired, certain

"short-cut" steps become evident and some serial efforts can
be deleted. Thus, in time "off-line" data and model outputs

can be genérated more effectively for selected applicatibns.

While as mentioned, rgles for application procedures are not

hard and fast. (In fact a flexible approach offers the analysf
some advantages aepending on the response and type of data
required). Certain basic steps seem to prbvide the best optlon
for the gener&tion of reasonable quantative data,‘(at least in

the preliminary phases of ana.lysis)T These include.fhe‘development

of':
o] Functional flow diggrams}
o Task SCengrios (per major fpnctiﬁn)
‘o Operstional "time-lines"

o Assign time distributions and probability parameters

for selected functions (See Task No. 2, Report No.
Su-0P8.73-0002B) .

a Resource allocation by function, event and/or activity.

o Equipment, resource, and facility requirements data

lists,. tables, planning curves and criteria.

2



2.1.6.1

~ the knowledge gained in each step whether or not an additional

APPENDIX A

Functional Flow Diagrams

A function flow diagram is a pictorial representation of the
steps, tésks and events involved in the accomplishment of g
given procéss. Generally, the stéps or bibcks are arranged‘
in the chronological order of occurence within the procesé
under analysis. Sequential and parallel functioné afe shown.

and decision-points highlighted.

Figufe 2-2 shﬁws an example of th? OFS model flow diagram

and while this is a pictorial model of the computer simulation
model it is'glso a funectional flow diagram of the payload
{Central Integration Facility) processing system. If the model
flow diagram is considered a "level Q0" diagram of the.systém, |
analytic processing of a grester d?pth is required to determine

additionallinformation about the system.

Figure 2-3 shows the diagram of the simulators (Support Unit &

Orbiter) of one level of greater depth than the "level 0" shown

in the ¥ig2-2 , and additional decision points appear. Figure

~2-lL ig again an additional increase in the depth of analysis,

This shows the functional Tlow to a level II for the support unit
simulator. Agein new flow paths are uncovered and additional

system information is made clear. For this system additional -

‘levels of analysis will not yield much greater information about

the system. Depending upon system complexity, the analyst is
usually the best judge as to the number of levels(of depth of

analysis) required to produce meaningful information about the

system. In working the problem he can usually tell because of
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level will yield significant system information.

2.1.6.2 Interim Summary

At this point;3a réview of the material covered up to this part of
the study is in order. Initially, ground rules governing the
required depth of analysis to invesfigate system sensitivities
aﬁd approach the quantificatidn of resource reguirements were
presented. ‘Next the influence of cost criteria and resource require-
ments were éxamineﬁ wiﬁh the objective of identifying operations
 resource requirements which have.a‘tendéncy to be_sy;tem cost
"drivers". Thé NASA /MSFC OPS Modei was then evaluated and in an
approach t§ develop "sample éase" éxamples, the portion of the model
dealing with the Central intégratioanacility (CIF ~ Bortie Léb) was
seiected'fof further ihvestigation. A Level I and IT functionai flow
' diagram was developed for the simulator section of\the model since

this part of the CIF flow closely satisfies the conditions stated in

Section 2:1.5 "Selection Criteria”.

The completion of the functional flow analysis to a suitable depth,
(Level IIrin this case)-prévidés a convenient breakrpéint for "off-line"
analysis. Afmed'with the model flow diagram and the funectignal
analysis, data specialists can commense investigations into, at the
ver& least,'gross operations resource reQuirements. The fellowing
portion of this report will present a sequential method of determining
these requireméﬁts. However, if rapid response is required many of

the following operaticns can be conducted in a parallel fashion.



2,1.6.3

2,1.6.4

APPENDTX A

Operational Task Scenarios

An initial step in the development processing time requirements
and constrgiﬁts iz the generation of Task Scenariés for specific
functions. - In developing this data, a functional flow (ih this
case the SU Simulator Level II) is evaluated by idéntifying the
operational tasks required to accomplish each esﬁaﬁlished funct;on

in the flow, Table 2-L4 shows an example of this type of data.

Operational Task - Time Alloecations

Table 2-4 in addition to showing the Operational Task Scenarios,

also shows'process/task time allocations for eaéh ma jor function

under the coiumn marked "tot''. In addition those érocesses which have
variable processing times are indicated; such as, maintenance functions.
The indicated time allocations weré made to be consistent with the
block times indicated in the Model flow diagram Figure No. 2-2. A
latter phase of analysis reguires an evaluatibn of these time
allocations to determine whether ornnct fhese'aré'realistic or must

be modified o obtain "real world" results.

Table 2-1, also shows in-the column marked "Pr" the probability of a .
change'in procéss-flow reguired by either a rejection of the flight
hardware under test or a fault in thé.test equipﬁent. Discussions in
the Test Report No. 2 (SU. OPSRP-73-0002B) will explane the application
of time density funcftions and probability parameteré to these functions

ag a typicai application of this type of data in simulation modeling.
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TAELE NO. 2-4

OPERATIONAL TASK SCENARTO .

S.U. SIMULATOR

§ < R Rt e s .
)
tor | FUNCTIONAL FLOW | OPERATIONAL_TASK B
(] BLOCK NO, NOMENCLATURE § DESCRIPTION %
L 211k20 - Pre—use Inspectlon ' .E o Vlsual Inspectlon of Sim. :
[ ' S.U. Simulator § o Remove all Dust Covers & |
i : @ protectlve packaging i j
‘ : i I
i 211421 validated GSE is ! o Servicing GSE Functional g :
E available f set ig ready i.e. "Im Calib" ;
! P & validated for next use
i S — e e B e
' 211422 Fac111ty Serv1ces § © Proper Power & Pressures o
i are abailable & ; .are available at sim. 0-54
‘ : allocated © o Consumables have been L1490
E : ' ‘ : allocated for next-use
i : 211423 Simulator Equip - if o Check all instruments &
: : & Instruments are 4 eguip for current Calib.
! g "In-Claibration” certification
! SR N R | S , . )
: 211h2h Perform pre-servicing o0 Perform limited sim. gelf-test -
E check-out " = Gauge & instruments .
¢ : are functioning N,
E . - Simulator is ready for f
: ‘ servicing . :
L i s e o P SO
211425 Safety & Q.C. o Follow-up/Check S
Clearance pre-servicing., Conditions ?f:ii
* have been met e
B 1 7211430 T Gonnect all servicing E o Connect electrical cable
‘ GSE & Pacility services agsemblies
‘ { o Connect all hoses & f
i Flex tubing i .
.| 211k31 Monitor S.U, simulator o Observe all servicing *o i
6. servicing procedures
o Record critical date i.e. f‘mq&
rates, levels, flows, F .
pressures, voltage, curreny, o
_ 31gnals, etc, : :
.. . SRR | [ .- :
‘tnf Mo Tome ALLDC,ATCD ek *‘“‘rss T Pr = Q“"b*”«b l‘ il 0% 9—"’-_‘-"“7“ M
X7 NeTen ReggeTe
# .= Fumomew REsgLTEY Ve
%-3\_.’"‘:
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Page No. {7

TARLE NO, 2-k& o )
OPERATIONAL TASK SCENARTO
SU SIMULATOR
FUNCTIONAL FLOW || OPERATIONAL TASK s
{:of i O U USSR | SO U : ot PR &
BLOCK NO, NOMENCLATURE i DESCRIPTION
211432 Complete Sim, o o Top off all servicing f
servicing _ functions - - |
. : i o Complete servicing operestions )
\ ' : ‘ o Dlsconnect appllcable GSE : !
x 2 d s vl . R .-.:.4.._"-7--_- “ . LI e ey Sl ,'* R o PR & o] ST IR TP o w L n—mm———— :'
211440 Self Test SU ! o Run self-test procedure to
Simulator o determine readiness of
‘ ' ' ’ serviced simulator for EM/RA z y
(.5 bhep - ] interface C/O e -ﬂ“3b§
[ W e e e _..,....__7._,.,_.._._ ,.,4,.,v.§,.. I [ — e . L‘:,‘ | |4?Q§
21141 Certify SU o i o Test Conductor/Authorized f :
simalator i, Witness certifies Sim. is _
2 , ready for EM PA 1nterface C O
; .
J\ 211401 Connect Handllng ko Connect llftlng sllngs
& Installation GSE . (EM/PA) and adapters
i - 0 B8chedule crane in place for :
‘ load removal .
) Clear ares : ]
211402 Remove EM/PA - o Release EM/PA hold-downs ‘
‘ : on transporter ]
o Take up on load - _ :
- | o Lift out of transporter ‘ :
9‘“3 . I ST TR N oty
211450 Install EM/PA & . o Move Via crane adjacent 2t idod
assemble in simulator . to SU simulstor : P
0 Remove protective coverings | %
& dust covers oo §
o Lower in place in simulator é ;
o Align EM/PA in simulator ; :
¢ Lock-down assembly }
0 Make-up 81l required i
connections. S
'Wy == o T ey awvum-" T A
Si=
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Page No.,
; TABLE NO. 2-4
|
i OPERATIONAL TASK SCENARTO
} . ,
¢
0 SU SIMULATOR
\‘)—_ . ) L V :?
'T E N ] F Saaias AT U R e N T T AR L Y
: FUNCTIONAL FLOW OPERATIONAL TASK |
: t(-,# E.._.a ) S —— tra e e ene oo s esreree e eanomte s A e R T e ; PT
! : BLOCK NO NOMENCLATURE DESCRIPTION !
+ R S T SRR R T BT st e s et -
| 2111;50 (Op‘tlonal-lf EM/PA o Move EM/PA transporter 5
] transporter is SU o adjacent to sim. ;
:ahv§ simulator compatible) i o0 Remove protective coverings 1
* Install EM/PA & b & dust covers 01 %
i assemble in simulator f o Align transporter & assembly 4“40°§
5 ' : to simulator *
: t o Mount in place )
i ‘0 Meke-up all requlred |
¥ | connectlons ‘ :
§ ittt ST i s it T P e S I AT A TAE - Aot S it Lot oo S S SRR I e e et s S s . ;‘
: " i o S D : |
A i 211460 Power-up SU 31mulator oo Open all requlred vent ! |
§ i valves o :
5 | o Bring up elect. Pwr :
i © Build-up required pressures -
o Commense initiasl signals i -
] for end-to-end SU/EM/PA I
: check»out j !
Monitor EM/PA | "o Observe all SU interface
Interface C/0 procedures P
0 Record sll critical 1nterface LT
deta ‘ :.? A 4—95%
o Monitor test self protection 5
Ckt's & devices §
TN A T e e st LmITTITL e :i,:.,:_ il
Complete EM/PA ) Complete all EM/PA 1nterface !
8U interface C/0 procedures . | i
o Power-down simulator i
© Remove 8ll pressures & safety j
! all lines
\5\“3 ; o Purge & Deconteminaste all R
' g required lines, ducts, & . :
! ! surfaces : : !
i | o Evaluate Test & c/0 Data | ;
| -
£ APPLIES ORNLYIF Trdts oPTiet) sEEdyeED
r i

(8-



APPENDIX A

Page No.

i
RNV

r TAELE NO, 2-4
b
QPERATTONAL TASK SCENARIO
-8.U, SIMULATOR
= e T LTS TR T LR f.:::?:.'.:..u,r.::r-*-.:_r: o
N ‘ _ FUNCTIONAL FLOW OPERATIONAL TASK B
“"'ﬁ b e vty e o . A 1101 T e S - z
HLOCK NO, NOMENCLATURE DESCRIPTION |
e AR A : : 3 1&;‘1“-,” S e ot L L LT ':nt':‘*“:.':‘.“:i"
211463 Remove EM/PA from o Disconnect all interfaces f
8U simulator with SU simulator ;
: ¢ Install all protective ;
'~ covers E
o Insgtell handling & i i
- transportation GSE /
3hw 3 0 Position overhead crane ¢
; . & install lifting sling- }
{ o Lift EM/PA free of :r
! : simuletor i
; o Trensport v1a crane to g
transporter i
o Install in transporter ! ‘
o Connect all EM/PA ; f
L o Disconnect all handllng GSE | E
s s R i e 1
\ 211400 Transport EM/PA 0 Remove transporter from : v
| he to off-line area " production flow area away ook,
‘ ‘ (Optional) from U 51mulator , N
* 211790 “Diagnose EM/PA o With suitable GSE determine |
a nomelie (optional) if loesl minor repair of
1-1G non compatible EV{/PA is
‘ . possible
: . o Evaluate data from off- llne
- ' h & SU simulator tests .
T 211791 Perform required o Perform locel {(minor) repair . 7. ;
repair {optionel) . or adjustment ; !
‘ o Inspect workmanship of E ?
- Gy repair action :
; 0  Prep for re-installation |
; SU simulator i -
‘l ;
e e e e e e e S ek l-
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TABLE NO 2 4
OPERATIONAL TASK SCENARTO
S.U. SIMULATOR
FUNCTIONAL FLOW OPERATTONAL TASK
t ot , SRR , a——— » P
BLOCK NO. NOMENCLATURE | w_“““,mu DESCRIPTION
JLV’ 211400 Transport to maint, _ 0 Transport EM &/or pallets g
v ‘facilities (optional) to meintenance act1v1t1es
3 _}‘ 211470 De~service SU simulator ¢ Preform all prellmlnary
? ' - de~servicing procedures
; 0 Preform required safety :
? inspections !
; - Vents & purge lines clear §
- Required jury struts in %
place é
o Connect required GSE (functlonal. 3
‘set for de= serv101ng) o 3
3J5L31 211471 Monitor de-servicing o Observe de -service Qﬁé 2184
operation. o Record all critical data
: o Monitor protectlve CKTS and
. e —— e i e m e G plaig e g B h m e R IS} - - I EETI—. " devj-ces B IL L U] LU RN AT S epr RS BT RCC
211672 De-service complete’ E o Complete de-service
& certify ! o Clean/de contaninate all lines
! o Power down simulator 5
1 o Authorize test conductor/ }
E witness certifies safe de- ;
| servicing de~serviced condition ;
] - ‘ ) i
! |
AIRS

A LN

LIPS REORD Y W . S
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‘Page No. r Y
TAELE NO, 2-k T i
OPERATIONAL TASK SCENARTO.
o S-U. SIM]LATOR
FUNCTIONAL FLOW OPERATIONATL TASK P
BLOCK NO. NOMENCLAUTURE DESCRIPTION . _ 7
211480 Perform post—use o Perform Su simuletor post-use :
inspection self test
o0 Perform simuletor off line i o
1.5 hi ¢/0 with portable test equip. “"2 g
’ | o Do routine preventative f‘“”"
maintenance
o Install protective covers &
5 packaglng _ ‘ i
211410 Simulator ready o Evaluate test & maint, data -
for next use o .Authorized persocuonel e
—j certifies readiness ol
o0 Process control potified,
simulator ready for next use
4l 211490 | “Diagnose similator o o perform availsble self-test ..
1 -16‘\?& problem procedures v
: o Perform off- line test checks . :
211491 | Perform requlred o Remove isola.ted fault or
maint, action faulty component ‘ o
- ’ ' |
840k ' o Replace component/repalr
fault ' L
2111&92 Perform simuletor o' Retest for fault correction !
1 check-out o Perform all recertification | m
|~ 40 h : test procedures P
o Certify simulator readiness !
: 211481 Perforﬁl off-line - o See below !h_.;__
—y— © simylator functions '
L - - N
i ‘:“L‘:‘:
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TABLE NO. 2-4

OPERATIONAL TASK SCENARIO

S.U. SIMULATOR

A g o b o . — — indbiil> qgrptenprv e

FUNCTIONAL FLOW ' OPERATTONAL TASK . Ly
HLOCK NO.- NOMENCLATURE . DESCRIPTION ;
e sy
211482 Velidate GSE o Perform GSE test to insure §
: {each use or pre-— readiness for next use e
B s determined frequency) ' o GSE validation equip. : vie
"calibration per determined
¥ frequency
211485 Maintain GSE o Perform test to isolate 1of
mt,m’ fault or bad component €z, |
o Repair fault/replace component 4y
‘ o Per form velidated. c/o 211&82 vRes
I 211483 Calibrate gimulator o] At given cycle tlme Vel
k equip. & instruments . recalibrate inst's & equip . Ee.
40 hvs ' ' : © Local calibration = e
Q o ZLab calibration vses,
f 211483 Re-allocate facility o Speciality power requirements i
services pre process schedule - b P
8L‘3 ‘o Determine rate of comsumables 1\):?5
utilization ] }
o Allocate requlranents for »
’ comsumables i i
F 211792 Disassemble EM/PA 0 Remove protective covers ; ;
{optional if local o Disassemble unit (can be ot
repair is not possible done in off-line area or ‘“4_:
L + % oy ‘:(fﬂ:""‘"” at the original ass'y point. :
Z 16 SRERE R o Disconnect all hard points ;
& ¥ : : & interfaces ,
- o Install in component transporters .
) ‘ ‘ _ . o Lock all component hold downs l
F e . _ = SUNDURE— |

i

L
g
A




2.2

2.2.1

APPENDIX A

QUANTIFICATION OF RESOURCE REQUIREMENTS

General Background

If Table 2-1 ig pefused, it can be reedially be determined

-that the cost drivers in any serospace system are:

8) Fleet size - nmumber of flight articles

'b) Site requirements - number, location and type

¢) = Facility requirements - No., type, size, utilization
d) GSE - quantity, type, utilization
e) Spares - for flight articles and GSE

f) Manpower - crew size and skills

Ttems (a) and (b) are usually fixed to some extend,~af least in
the initial system appraisals. Subsequent, analytic iterstions

usuall consist of comparing various operating modes and alterations

" of these items to optimize the system or to measure the influence of

these variations on the quantities & cost of the remaining resources.

Item (e) is responsive to system parameters in somewhat a different
manner than the other resources. Mesan Time Betwgen Tailure (MTBT),

Mean Time To Repair (MTTR), and other maintainability factors cause

; pertubations in quantifing this resource requirements. The net

résult ig that spares are ususlly congidered in a separate off-line
analysis. This can be done &s a separate;model'so thet the. influence

of alternaﬁé operations; changes in maintainability factors or other

operations can be readilly acessed,

b
s drd

PRGN
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2.2.2 .Resource Requlrements - General

Resource requirements, partlcularly those listed in {c), (d), and
(f) above (Sect 2.2.1) behave in & non-linesr fashion with respect

to work load. Figure Nb. 2 5 below shows thls relatlonshlp

e ﬂw%wmmm}mwm_mmmfwmw....”f“:.AM o

FIG. No. 2-5 .. 4., . SN TR I S I a _
1

\\

RESOURCE " RS . -
v §$. ' e
OR QUANTITY

i

(. . J[ . ) . ,4..1,;‘-,1 R
IR 3 — |

RO —— - 4 . g

g E

S _ o
v

ks

<3

-

Y

H

FIG. No. 2-58

PIECES PER UNLT TIME o
RESOURCE ,
IN $ . . 1 ctopi
OR QUANTITY
: A
| »
. A i ?
L \ =
) A |

PIECES PER UNIT TIME



APPENDIX A

In generai resource requirements expressed in guantative costabie
units increase with respect to the worklﬁad in & curve, conic in
form, approximating 1/2 a parabola. The transverse axis is parallel
to worklosd (the abseissa) and it and the vertex are displaced by
amounts.equivalent to "minimum" requirements associated with'the
function to be accoﬁplished. Wofkload.gan be expressed in many

ways; such as manhours, pieces per hour, units per calander unit, etc.

o0.,2,2.1  Factors Affecting Resource Requirement Curve Shape

In Fig. No. 2-5 curve A-A' respresents a typical aerospace workload/
resource gequirements condition for réfuibishmeht, maintenance and
reconfiguration. Curve B-B' shown inﬁthe same'figure would be typical
of an infrequently performed or quasi custom typé of operation.

After inital investment the requirements increaéed'in somewhat a

linear fashion as the workload increases.

Curve C-C is more typical of a high production oper&tion,;in which -
initial investment reguirements are high but the curve rapidly flatténs

out as workload increases,

Fig. Nb._E-BA shows tﬁ& typical aerospacé curves, Curve B-B'

respresents the actual growth in resource requiremnts in a stepped

form with respect with workloed. This is due to the famct that ‘
equipmeht, facilities_and manpower permit certaihllimited gréwth in
workload without c0rré§ponding iﬁcreases-in raesource investment. However,
as saturation of the gfdﬁth potential occurs, small increase inr

workload can cauée 1arée increase in resource inyestment. Once.the

system definition begine$ to be fifmed up, these "break-points'become

important items for off-line analysis end investigation; since these

-
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"break—poin£s".and assoicated margins for resource ufilizatiOn
determine the opérational constraints of the system for various
modes of implementation. Curve A=A in the same figure (Fig No.
2-5A) shows the average results of B-B'. The average type cuﬁve

are advantageous in thé initial steps of system definition and are
also usefull‘in comparing different sygtems; parficullary, when
investigating the influence of Workioad on resource reguirements for

varios system configurations and options.

2,2.3 Resource Requirements - Generél Approach
of signifiéance in develobing'the proper curve to reflect-the-résource‘
system condition with respect toc workload, is the vertix displacement
AB&C in Figure 2-5 in both the resourcgd & yorkload directiQn. This
displacement represents the ﬁinimum regource réquirement to accomplish
any useful work vice the amount of work-produéed b& that fesource or
set of resources. The key in the preceeding statement is "Mimimum".
Initial quantifications 6f reaources per the functidnalrflow blocks
previously'discussed in Section .2,1,6,1 and the Opeyational Task
Scenarios, Section 2.1.6.3 must always be sized in thé direction of

 the "minimum" requirement to'éccomplish the task or operational

t

funetion under sfudy. This, subsequeﬁtly, establishes the "lower limit
for further analytic efforts which may require manipulation of the
resource for increesed or incressing workloads. A subéet of this
minimm requirement is‘the evaluation of éach reéOurée element to
detefmine'its ﬁtilizatibn even though a certain set of regources is
required to perform an 0perat10n, for instance, on a single payload

element durlng 8 spec1f1ed period of time the individual resource elements
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may be under-loaded but necessary. This step helps to initially

define the "break-points" discussed in paragraph (2) of Section
2.2.1.1.. Another subtility is, that when considering resource

utilization vice elapsed time:

o For Equipment & Facilities 69% = Full Load

o TFor Menpower & Lebor 89% = Full Load

The delta peréent represent functionsl losses whiéh mﬁst be
considered suéh ag: Equipment maintenance downtime, facility
servicing, legitimate manpower lost time considerations, etc. These
losses will be discussed in depth in subseQuent sectiOns of this

report (see Section 2.,3.6).

ﬁe'have discussed various "off-line" analytic technﬁques in Section
2.1.6 and detailed exaﬁples will be.given in Section 3.0, These:
are all directed toward to tﬁe aefinition of . the "minimum" resource
reguirements for a'given operational.function. Figure_2-6 bélow may
help explain the reaﬁbn for attaching so much important to this

concept of developing intially, a minimum résource set for a given

function.
s | ' L
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In Fig. No. 2-6 above:
V = the vertix at "h" "k" = Min Resource Requirements (k) to produce
(minimum useful) Workload (n)
The expression for this perabola is:
bae = _(y _'k22 |
(x ~ n}.
The location‘of the focus (F) with reference to (r)‘isf
a = !g -'k!e | |
h{x - h) ‘
The lettus rectum (Lr) = (y - k!e
| | | 2(x - k)
The location of any boint (P) along the curve:
r = eré‘ ' where e = 1 for & parabola

1 fcos e

Hence, in developing tle parabols for resource requirements v.s.
o .

Workload, the‘expression—fqr this curve is dependent on and in

summertry with minumum resource requirements and useful workload

output (h, k) by definition.

2.2.3.1 Significant Policies Affecting a General Approach

The development of certain policies wiil effect the‘sizeing of
resource quantities associéted with ground processing and maintenance
refurbishment of payload modules:gﬁd subsystems. . Theses are'the
policies that result from the establishment of a philogsophy for:

o Test qnd Check-~out . | | |

© Level of Repair
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There are maﬁy ways to approach the required philosoﬁhy associated

Vith each of the ﬁbove. However, most reqﬁire significant definition
of flight énd ground systems prior to implementation. We will address
here only thoée that epply during conceptual phases which consequently
will require modification by more sophisticated methods as the program

definition matures,.

Test snd Check-out Philosophy

It is essentiel that a test and check-out philosophy be developed

if the resource requirements'generated are to be realistic. As

£y

equipment definition improves very discrete test parametric can

be addressed.

In the_concept phas% céftain agsumptions must be‘ﬁsed.' An ordering
bf priorities is necessary to establish this philosophy. These major
considerations might be grouped:‘
1) Crew Safety
&) Flight
b) Ground
2) Safety Flight
&) Orbiter
b) Payioad
3) . Integration Requirements
a) Payload to Orbiter
b) -Intra Payload
- Spacelab Moéule
- Automatic P/C & 3rd Stage

c) Experimehts to Carrier

fgar
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Migsion Performance Requirements

'a) Essentiality

- National Security
- National/International Significant
- Uéer/CustOmer Satisfaction

b) ',Tatal Manifest Readiness

¢) Criteria for Success

For each potentinal site or sites an allocation of the mbove

requirements must be made in order to evaluate resource requirements.

For the "Sample Cases" (See Section 3.0) exemined in this study the

following philosophy was epplied. At the Central Integration Facility:

a)

b)

All Spacelab parameters having a bearing on (1) crew safety and
(2) safety of flight must be certified. . |

Prime integration testing would concern,primafily Bpacelab
Module(s) integration. Peyload to Orbiter integration testing
would involve éssential'ﬁhysical fit and Orbiter interface
continunity, with nerrowly limited functional testing.
Exfefinent testing will be limited to com?atibility/interferenée
checks an&/or verification.

Mission requirements testing will be limited Quick Reaction,
Rescue and other limited paylo;dsf Total ménifest readiness will

be determined by analysis of -CIF, User, Primary Investigator{s)

(PIs) and other test data.

All other testing will be the responsiblity of other functionsl areas

and sites., Another area of test and check-out involves the maintenance

and refurbishment ares. This is & specialized set of requirements and

H
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requires additional allocation of responsibilities,

Level of Repair Philosophy:

This might'aiso be called "Maintenance Concept". For defined
éystems,ither‘are sophistiéatedranaly£ic methods of defermining

the cost effective Level of Repair'(LOR). These are defined for
military aircraft progrems in MIL STD 1390 (Navy) and AFLCM/AFSCM
800-4 (Air Force). Basically the technique involves eveluating -
the acquisitibn cost of theiéomponent, the resource and operatioﬁal
cost of maintenance to détermine decisions &s to whether the item
should be ﬁaintained and at what level is it most cost efféctive to

do this aciivity.

In'initial's&étem congept ﬁnalysis; since, much of the raquired data
to perform"an LOR type of analysis is unknowﬁ.r It is necessary to
establish certain "ground rules". If these rules are appliéd universally
then analytiq proceedures will provide in the simulation mo&el an‘ |
"apple-to-apple” comparisons, when consideréring various modes for
system implementation. Tn the "sample case" examination (Section 3.0)
which follows. The following grouhd‘rule LOR or "Méintenanca Concept"
has.been applied:
a) No major maintenance is ﬁerformed on the CIF ﬁayload processing/
.integration line. | |
b) All CIF process-liﬁe maipte#éncé while limited to off main-line
activity is furthér limited to |
- Top level diaggosisis
-  Remove & replace actions

- Align, sdjust, recalibrate actions

PR
S
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Thé'Central Integration Facility will have adequate here

T& I maintenqnce shop cépability for the primary task

of spaéelab integration. Certain Level II shops may be

located elsewhere; however, the processing of Levél_II
maintenance work, regardless qf location, will not degrade

P/L processing time,

AGE/GSE reduired for the support of the P/L integration process
will be maintained, calibrated, refurbished, etc, in sn off-line
manner end will not afféct the main line P/L processing time.
Indust:ial'or Militar/Industrial Level III'(depot).maintenance
requirements are recognized 5ut not defined in this analysis.
For the purpose of this study, this capability is aSSumed to

be a&equate to‘suppqrt the expeéted workload,

Adequate spare parts will be availeble to support the CIF
processingrréquirements |
Existing installation, facilities and capabilities will be

used where ever possihle,

Facility Refuirements -~ General Approach

The lead time associated with the acquisition, design, construction

or modification and the activation of facilities impéses in most

aerospace systems a strong requirement for early definition, 1In

sddition, the high intital cogt associate with this resource further

imposes the requirement for rather rigorious analysis. The details

associated with requirement are some evolutionary in that the level

of detail associsted with the requirement increases for various phases

of the program. The detail evolution is as follows:

r.@‘q
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Program Fhase

Concept Definition

System Definition

System Implementation
Program Definition

Operational Program
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Requriement Data
v

Gross Functional
needs.

Refined Functionsal -

Requirements

- Screen against
existing assets

Integrate requirements
for meximum utilization

Scale drawings & models
Detail definition of
utility and facility
service requirements

Establish activation
schedules consistant
with program

Review design data for
requirements
competibility

: Develop‘GSE‘intérface

data for equipment
installation

Review and evaluate
construction progress

Burpose

Trade studies
- 8ystem Selection criteria

Scope total requirements -

New Construction modification

of existing structures

- Establish buget
requirements

Furnish requirements to
A & E design contractor

Provide cognizant activities
with timely activation
data for effective

implementation

Contract new construction
&/or facility modification

Install and verify equipment

- Perform requirements
demonstrations to assure
System performance

Implement operaticn

The present level of STS definition permits significant snalysis

primarily addressed to the first two categories above (a & b).

Tn order to assist in scoping facility requirements the data in

Tabel 2-5 ig presented.  This data‘sﬁmmarizes planning data used

for scoping military éircraft requirements. While not directly appiicable
to the 8STS program it does furnish a comparative example of analogous
facility réquirements{ .This data was developed by Grumman during thé
NAFAC study for the Nﬁ?ﬁl Facilities Engineering Center and was the

result of in depth analysis and evaluations conducted at seven air-

~ ’.o:’

gtations having significantly differing mission fequirements..
: . %i“e <«
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TABLE 2-5
(NAVY) AFROSPACE FACTLITY REQUIREMENTS i
SUMMARY
A/C Shop Workload Sq. Feet  Analogous ;
Manpower Required to S8T5 ;
(Level II) !
Power Plts 10 - 1k 9,200 RCS System |
150 ~ 170 56,100 Rocket Eng. !
. - Y e LR e B R . E
Airframe 0O~ 20 54500 P/L Structures
160 -~ 180 "21,000 Mech, System
Avionies 0= 50 20,000 Astrionics
160 ~ 180 64,500 '
 Armament 0~ 2 4,500 Pyrc's, Pyro.
39 ~ 48 10,500 System
GSE 0- 10 - 3,050 GSE
66 - 70 21,200
2.2.4.1 and Installations

Large Equipments

The requiremehts associated with large eguipment, installations

and mssemblies are dictated by the size of these elements. In

-addition allowances must be made for the handling and installetion

of these, Such things ss turning radius, hook heights, door clearance
cannot be hegiected. An example of this type of requriement ié given
in the "sample cases" discussed in Section 3.0 of this report. In the
case examined, the 3.U. simulator, the probable size of the simulator

and the FM/Pallet assembly dictate the facility requirements .

Parameters which must be established for this type of a facility

requirement include,
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‘0 Area. - in square feet

o Overhaul limits - high bay requirements

o Fioor 1oadipg-- static and dynamic

o Overhead Crane - capacity & hook - height B

o Cleaniness Requirements

Requirements for this type of facility at same point in
evolution are enhanced by scale physical models to assure
adequate consideration has been made for the associated handling

and movement parameters,

©

Level IIT, Malntenance Shops

The depot shop requlrements are perhaps the most difficult to
quantlfy. The shops ere similar to and SOmetlmes 1dent1cal with
aerospace contractors 1ndustrial facilities. Rether rlgorous studles
mast be made for these requirements to determine a cost effective
approach., Whether 1t is more cost effective to malntaln a productlon/_
refurbishment line at & .contractors plant after the production phase
is complete or should the Government eotablish a dedicated facility
and capability to accomplish this function must be determined.l.The
LOR discussed in 2.2.3.2 is an epplicable technique for this type

of an efforﬁ. Because this is such a speclallzed facility requirement
it beyond the scope of this study to cover it any greater detail.
However, such & requlrement must eventuasll be defined as part of the

total STS'program.

Level IT,- Malntenance Shops

These shops perform off-line maintenance and refurblshment of payload

elements. They are usually located adjacent to .the main processing

lipe, but need not be located coincident with process (P/L integration)
L0
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line, The scope of work in this shops is limited to subsystem repair
down to lowest shop replacement unit (SRU). These would include
subsystem modules, and except in speciglized cased, do not include

component repair.

Mechanical/Structural, Level II Shops

These shops provide the capsbility to perform machine shop and

sheet metal repsair functi ons. Hence, equipment located in this

“type of é'facility would include: lathes, drill press, millers,

sheet metal brakes, welding'booths, finishing equipment and x-ray,

zyglow, magna-flux test eguipment.

Parsmeter which must be identified to define this type of

facility include:

o Areg - in équaré‘feet
| o Floér Loading - Static and dynamic
o Overhead crane - capacity & hook - height
o Electric Power - Voltages total connected loed, phasing
o Ventilation Requirements'- Welding finishihg and x-ray inspection

areas.

Pressures, Fluids & Cryogenic, Level IT Shops

These shops are the location where maintenance is performed on

~ hydraulic, TCLS, servo and cyrogenic sub-systems. The cryogenic

requirement is the most exﬁensive installation and'is_somewhat

speéialized and separated from the others depending on many factors.
Such as the gases involved, required storage capacities, whether the
gas is compressed at the site or delivered in cryogenic state. This

requirement .is & prime candidate for off-line analysis 1o generate

50<
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creditable ihformation. The pressures and fluids type of shop
usually has hydraullc test benches, pipe repalr equlpment braz1ng

units, and cleaning stations installed st the shop.

Requiremenfs definition must include:
0 Ares -'in square feet
o Eleétrié Power - Voltage & cénnected load
0 Ventilation Requirements - cleasning station
o0 Safety Rquirements - saféty cages, pressure vents, alarm sjstems
0 Cleéﬁiness - for servo & hydraulic pump repair stations
0 Lighting - Lumen required at bench height for.smail assembly
repair station.
0 Gasses & Fluids - consumable storaée or facility‘serviCes -

¢ Drains - To remove spills

Astrionic Shops, Level IT

These shos are used to support electfonic'and electric subsystems.
These include: communication, navigation and on-board sutomatic
equipment. Floor loading in these shops are equivelent to light

industrial losads,

Definition of requirements for these shops must include:
0 Area - in square feet
o Cleaniﬁess « for ﬁcdule repair aresas
o Electric Power - &oitages, services (D.C., 60 & 40O Hz)

connected load and requlation requirements.

af
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o Air Conditioning Requirements - to meintain constant temp. -
and humidity
o Lighting - T.umen requlred at bench he1ght

) EMC/EMI - groundlng (power & J.nstrument) Shielding if required



2.3 , Ground.Support.Equipment - ngerai Approach
In definiﬁg Ground Support Egquipment at this stage of vehicle
‘definition ié done almost exciusively by comparispn of existing
or known vehicles having similar systems. Here% past experience

on a wide variety of Aerospace vehicles is essential,

2.3.1 Functional Sets
~ The term Functional Set is used to describe all the items of
equipment required to perform a given function rather than

identifying individual bits and pieces that make up the set.

Having a functional set defined allows the vigibility to look
at total program and identify requirements when a given

function is'repeated in various parts of its life cycle.

2.3.2  Handling, Mechanical/Structural Equipment.
As a general rﬁie the least cémplex and lowest life cy;le cosﬁ
items of GSE, into‘this category'falls slings, sﬁfeader bars,
‘attach fittingé accesé Stands opératioﬁal.jigs_and other items

of this nature.

These items generally require little attention‘during their

operational life.

2.3.3 Transportation Equipment

In this category we find items such as transporters covers and
tie down kits. Although, for the most peart, these items fall into
the low-moderate cost range both for procurement and operations.

However, in cases where services are demanded by the vehicle, such

S3<
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as pressure and temperature maintenance environmental control

to tight tolerances, this cost can become very significant.

For this reason, very early recognition should be made during -
vehicle désign, and every effort made to eliminate requirements

of this nature.

Pressure, Fluid & Cryo Equipment

Equipment in this group, with the exception of cnyo.équipment

tend to fall in the highfmoderate cost bracket for both procurement
and operations, again however, the placing of unrealistic reqguirement
on operational paremeters can drive the cost for both procurement -

and operation "out of sight".

Cryo equipmenf, by its very nature is in the very high cost range

both in initial procurement and its day by day operations. The

.key to cost reduction is making maximum use of commonality with

all progr&m'elements.

Astrionic Equipment

The sophistication of present and planned space vehicles with
the gttendant desire for automation ha_a.é driven this equipment
to the very high cost for both acquisition and operations, with

software costs approaching hardware cests in some instances.

The apparent method for cost reduction in this ares ﬁould again

be institutioning astrionic support equipment.

—A0-
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2.3.6 Manpower Requirements -~ General Approach

In this section we will define methodology to be used in
'establishing manpower requirements for the ground‘turnaround
operations of the Spacelag. Also, ground rules and assumptions

will be listed.

2.3.6.1 Minimum Crew Sizing

In eatablishing the crew required to perform the various tasks

within the functions, the following ground rules will be applied.

o Experiment peculiar requirements will not be included.
o "On line" maintenance limited to remove and replace.
o One man year equﬁls 1848 man hours. This Manpower Conversion
Facfor_(MCF) represents the following: |
80 hours vacation |
1 "paid holidays
2 hours voting time
ho‘hours sick/personal time
22 hours misé.

This MCF will be used to size the crew based on traffic reguirements.

2.3.6.2 Influence of Learning and Effectiveness Factors

Although primarily used in cost détefmination fof recurring hardware
produétion, thé learning curve technique can be useful in predicting
cost, in menhours, for any repetetive‘operation thatiis performed by
a worker or groups of workers. Operations ﬁhich:afe.strictlf machine

functions obviously do not fall in this category.

-..4]—-



APPENDTX A

Since the turnaround functions on the Space Lab are mainly
repetetive in nature, we will apply the learﬁing curve techniques

in.establishing the crew size.

Experience and pest analyses have shown that operational learning
closely follows at 90% curve to the 50% point, beyond this point,
very little increase in operating efficiency is gained. . The

formula used for this time required is:

= ffnl o (n-1) %]

where
Tu = tiﬁe in manhours

f = first unit time

n =_number of tiﬁes funﬁtion,ﬁerformed
x = 07152 for 90%'curv¢'

There are other factoré which influencé‘manpower loading which
we call effectiveness factors. These féctors'cost tiﬁe, and mast be
accounted for. These "lost time" items. include:

ol Céffee Bresks

o Wait time (tool crib stock room, ete)

0 Equipment anomalies

o Personel requirements

While these items seem to be quite obvious, they are often overloocked
in early planning, resulting in repeated schedule "adjustments".
This lost time varies widely, depending on function, working

conditions, and worker totivation.

In industry, the effectiveness fﬁctcr for factory labor used in time

and motion study is as follows: ‘'The standard time for a job will

.
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be 130/100 of the smount of time nexessary to sccomplish a unit of
work, using a given method under given cohditipns, by a worker who

possesses the sufficient gkill to do the job properly ...'.

This industry factor is based on an average workef under average
factory conditioné. On the Space Lab we will assume & specially highly
trained technician well motivated and working under excellent working’
conditions. Asspming all fhe sbove, and based on experience at both
factory and field sites we will use an effectiveness factor of

111/100 for menpower determination.

Influence of Traininé,ﬁéquirements on.Manpower Planning

As a preréquisite_to eétablishing a functional operational team aimed
at the 1ow§s£ operational cost in terms of maﬁpower‘expended, we will
assume & stringent>trgining program for,gll skills gnd disciplines

prior to first operational turnaround, this trairing will inelude

both "classroom” training and on the job training.

Following this assumption,-and.recognizing that the Space Lab Program
will require mperational'tqrnaround functions be perforﬁed on a
relatively steady and fréquenf bagis, it is felt that training
refresher courses will ﬁot be required, skills will be retsined

by doing. Also it may be noted that attfition rate on programs of
this nature isrextremeiy low (less than 1% during active IM operations)
so that trailning of new employees can be absorbed'with_no signifiqaﬁt

impact.

- 4,3-
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SAMPLE CASES

In order to best demonstrate the techniques involved in quantifying -
resource requirements, examples based on the existing OFS Model

were selected. _Further, available study resource would not permit
examination of every significant_fﬁncﬁion. Theée'examples ére

termed Sample Cases.

SAMPLE CASE NO. 1. -

The ekample we will éﬁplore in this'Sample Case involves those
functions concerned with the checkout between the Support Unit

Simulator and the EM/PA. The interfaces, as defined in the MSFC

-Simulator Requirements:DoCumenf of'lO October 1973 include:

- . Mechanical attachment
- _Poﬁer distribution
- -Déta menagement
- .Caution and warning
- :-Altitude cbﬁtrol
—— ‘Névigation |

- - Communication

Those functions to be supplied by Ground Support Eguipment are

power, thermal and environmental control.

Functionai Flow and Task Narrative

Figure 3.l—l'depicté the Level IT Functional Flow we will use in
this example. We assume, for this Sample Case that the EM/PA

stand is not competible with the SU simulator mating fixture.

T
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The associated time line, Figure 3.1-2 was created using the
Level O times from the OPS model, distribution to Level II was

made to create the sub«flow within the basic function.

In order to acéurately compare Sample Case No. 1 with Sample Case
No. 2 in the following section, we will begin the Task Narrative

six and & half hours into the time line flow.

The first'tﬁsk'is to attach the iifting and handling GSE to the
mated EM/PA; the hoisting sling will be attached to an overhead
crane through fhe auxiliasry crane controly slack taken up by

the crane and TBD pounds applied uéing the sux, crane control,
The EM/PA will bé disconnectéd fromlits tand and moved tolthe 1Y)
similator maﬁing ﬁosition. In parallel with this activity the

SU simulator will be certified ready.

With thé EM/PA injpositién, all covers, plugs and caps, will be
removéd. The EM/PA will be aligned with tﬁe SU sjmﬁlator, lowered
to mate and hard mated, - All interfaces requiréd for combined
systems verification will be made, these interfaces will include

hodknup to the required GSE, .

'waer up procedures are then inStituted aloﬁg with the ground
equipment supplied thefﬁal ﬁnd environmental control, The integrated
'SUrsim/EM/PA is prepared for system verification checkout sequentially
followed by‘an integr#ted "Overall Test”. 'During the OAT, experiments

ﬁill be powered up to verify compatibility between #ll elements.

_4s- . . o
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Upon successaful verification of the integrated systems, pressurer

and power are removed, lines and ducts are surged snd capped.

Meen time, as shown in Figure 3.1-2, to accomplish these functions,
is 65 hours. The off-line simulstion of these functions (see Task 2)
which introduces time variables, indicates that actual elapsed time

may run from 65 to 77 hours, or an increase of 18.4%.

Tt must be noted that an amololy may occur at any point in the flow
which could require dlagnosis and corrective action increasing the
flow time dramatically. This diagnosis and repair loop can easily

be introduced- to the réferenced off-line routine.

SU Simulator Resocurce Breskout

In establishing resoﬁ:Ce requirements for the functions in Sample
Case No. 1 two iﬁgms ére of pafticular significénne. Thé first

item, traffié date.builé must either be geared to the earning curve .
addressed in Sect. 2.3.6.2, or a penalty in early excess manpower

will be incurred. If we examine the unit time formula Tu =1f(nl-x -

(n-l)l'x) and use 100 for n, solving for f or first unit time f =
Tu we find that £ = Tu or the first unit will take
L8438 .8u8 .

(100°°% - 99°%*) 2

twice as long to process, in manhours then the 100th unit. Therefore,

to perform the function either tiﬁé or manpower must be adjusted.

The second item, maximum treffic rate iwmpacts all resources if such
rate requires parallel mction on two or morée vehicles. It can easily
be seen thet such parallel operations could result in additional

faciiitiés,_ manpower and-GSE,
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Therefore the following asssumption has been made:
a) Traffic at the CIF will never exceed 20 vehicles each year

b) These 20 flights will be evenly spaced in a given year. .

Functional Sets, Sample Cage No. 1

Referring to the time line, Figure 3.1{2 the first task, that of
positioning the EM/PA and mating the SU simulator requires the
following: (1) Transporter Functional Set consisting of the

EM/PA Transporter frame, mobilizer and associated covers, (2)

‘Handling Functional Set consisting of slings, spreader bars and

hydrcset. (3} Alignment Fixture Functional Setﬁconsisﬁing of

geges and sights to properly align the EM/PA and the SU Simulator.’

These functional sets will be utilized for nine elapsed hours.

‘The second set of functions on the time line involves preparing

for and executing an Over All Test (OAT) of the mated SU simulator;

"the functional sete reqnired are: (4) Ground Power Functional Set

con51st1ng of ground power supply controls and 1nterfac1ng cables.
{(5) Checkout Statlon Functional Set con51st1ng of an RF front end |
and formatter, mini cbmputer, modular CRT dlSpl&yS up llnk command
module and all assoclated cebles and antenna hats (6) Heat Transfer
System Functional Set consisting of coolant storage tanks,
refrigeration unit, trim control unit and associated linec and
hoses. (7) Life Support Unit, Functional Set consisting of GO /'
GN Source, air condltioning unit flow control panel &nd assoc1ated

lines and ducts. (8) Access Functional Set conasisting of various

stands and steps enabling access to the mated vehicles. (9) Experiment

Peculisr Functionel Set consisting of any peculiar equipment required

~80 - ‘ - : - E0<
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for experimentg. Under certain conditions one additional set may
be required. (10) Zero "G" Simulator Functional Set consisting
of a support frame cables, pulleys, counter-balances and springs

to simulate a zero "G" condition for certain space moving experiments.

'Ihese functional sets will be utilized for fifty eight and onéJhalf

élapsed hours.

Facility Requiremenf'Sample Cese No, 1-

In asseSéing the‘facility requirements of Sample Case No.l, it was

determined we would require an open bay of U000 square feet in area,

equipt ss follows 35 ton crane, hook height of 35 feet, =sir conditioned,

‘filtered air to maintain a 1,000,000 cleanliness level, shop air

regulated and GN,, 20V, 220/4OV 60Hz service. Sized in this
menner the space would support EM/PA placement and SU simulator
mating. Utilization of this facility for Semple Case No.l would be

sixty~five elapsed hours per unit flow.

Manpower Requirements Sample Case No. 1

The Ground Operations Engineering Analysis (GOEA) method of detailed

examination of each action which must'be.made to accomplish a given
function is employed in determining the direct technician requirement
needed to perform these actions. This analysis tﬁere, includes.all

of the elements of the function being examined; Onece this direct laﬁor
is identified, percentages are used, based on past-éxperience, to
determine other suppbrting manpower. This support ineludes éngineering

administration, production control and publications.

&y
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Again entering the time line Figure 3;1—2 the function of moving

the EM/PA to the mate position was examined and yielded the following:

DIRECT | _ SUPPORT

L Meéhf/Struct Tech 1 Crane Oper.
1o | ‘ 1 Mech. Eng.
1 Séfety |

Elepsed time is 4.5 hours (36 manhours)

For interface hook up'wé will add:
DIRECT
2 Avionie Techs
2 Fluid and gas Techs
1 Additional ac j

Elapsed time is 1.5 hours (19.5 manhours )

The next function, that of prepping and running the mated SU

simulator OAT was next exsmined and the following crew was defined:

DIRECT o | SUPPORT
2 Mech/Struct Techs 3 Avionic Fng.
'l Fluid and Gas Techs 2 Fluids and Gas Eng.

5 Avionic Techs

2 QC

1 Safety

Elapsed time, inclﬁding'secure from C/0 equals 58.5 hou?s

(1111.5 manhours) °

~52-
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Since the flow used in the sample case was entirely sequential,
no parellel operation, we can define a single crew for the -

functions examiﬁed.

DIRECT | SUPPORT

L MEch/S£;uct Techs 1 Mech Eng.

4 Fluid end Gas Techs 3‘A§ioni§ Eng.

5 Avioﬁic Techs ,  | _ 'é Fluids‘and Gas Eng.l
2c - . | o o 1 Crane Op.

1 Safety -

Total elapsed time 65 hours (1167 manhours)

Teking the effectiveness factor from Section 2.3.6.2, however,
indicateg thé-actual timé will increase tb 1265 manhours (1.11 x

1167).

These marhours, arriﬁe& at by simple mamﬁmatiqs are n;w played
against the simulation run from Task 2 which-apﬁiies a time
distribution funetion. From this run, we find thét the average
elapsed time is not the 65 hours of meén-time initially used, but
77 hours. This inérease of elapsed hours gives us an additional
factor fﬁrther increaéing our expended.manpower to 1.18 x 1295 or

' 1528 manhours expended for each turnaround .

Using the 10 flight ﬁaximum through the CIF shbws that a total of
30,560 manhours will be expended to process these 20 units through
the functional block examined in this Sample Case. With the basic

crew we have availsble 42,504 manhours.
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In this Sample Case, it was assumed that the mean times used represented

s mature flow, if we now back up the learning curve to the first year

. of operation, and assume the same 20 flight rate, we find that the

expended manhours increased to 5&,379 manhourse thereby exceeding our

pssic curve capacity. Figufe 3.1-3 graphically portrays this increase.

1 B
o 1 ‘ :
20 '

. . . _ _1x - l-x -
UNIT TIME = FIRST UNIT TDME X{n -1} ]

FIGURE 3.1-3

SAMPLE CASE NO. 2

In this exsmple, we will explore those functions involved in the
mating and checkout of the Support Unit itself with the EM/PA.
The iﬁterf‘#ces noted on Section 3.l'a.re the szame. We will assume
G.S.E. will ﬁrovidg the ground power, thermsn and environmental
control. The thermal and environmental controls and distribution

will, however,. be through the flight system.
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Functional Flow and Task Narrstive

- Figure 3.2-1 depicts the Level II Functional Flow to be used

in this example. 1In this Samplé Case, we have assumed that the

EM/PA stand/transport, is compatible with the SU mating fixture.

Figure 3.2-2, the assocligted time line was generated by examining

the activities'required and assessing the time past on past

_experience with similar systems.

The first task in this ample is moving the EM/PA to the SU

mating stand; it is assumed that the EM/PA stand/transpofter

ig capable of being towed into p031t10n g0 no sllngs are
required, When in positlon, all covers, plugs and caps will be
removed, ,the EM/PA will be aligned with the SU and all interfaces

will be .connected.

Power up procedures are identiﬁal-to Semple Case No. 1 as is. the
OAT, One esdditional function will be performed, that being a

'leak check between the SU and the EM/PA;

Following the secure from ¢/o, the mated SU/EM/PA will.be prep

to ship or enter a ready for issue storage.

As with Sample Case No. 1 anomaliés may occur at ahy point

in the flow resulting in down time for diagnoéeé and repéir.

-57- » | '}":“:
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3.,2,2 SU Resource Breskout

Resource‘requirements for the'functions in:Sample Case No., 2
~are subject to the same problems noted in Section 3.1.2. The

same assumptions will be made.

3.2.2.1 Functional Sets, Samplé Case No. 2

The functional sets for Sample Cage No. 2 a.:c-e the same as those
listed in Section 3.1.2.1 with two exceptions. Thesé exceptions .
are 1) no handiing functional set is required and 2} added to

that equipment usedlin the CAT; (11) Cabin Leak Detecfor Functional
Set consisting df a leak detection system and asscciated ducts

and hoses.

3.2.2.2 Facility Requirement Sample Case No. 2

Same as Sample Case No. 1.

3.2.2,3 Manpower Requirements Sample Case No. 2
The same methodology used in Section 3.1.2.3 has been applied to this
sample with the folluwing.crews defined:

Moving EM/PA to mating position

. DIRECT - i SUPPORT
3 Mech/Struct. Techs 1 Tug Oper.
1QC ; : VIJl 1 Mech Eng.
1.Safet& | |
Elapsédrtime 4 hours (28 manhours }
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For interface hook up we will add:

DIRECT = . SUPPORT

2 Avionics Techs ' 1 Fluids & Gas Eng.
3 Fluid and Gas Techs |

1QC

Elapsed time 2 hours (26 manhours)

For the functions for prépping for and running the OAT the

following personnel are required:

DIRECT - BUPPORT
2 Méch/Sfruct Techs. : 3 Aviohic Eng
5 Fluid and Gas Techs : 3 Fluid and Gas Eng.

5 Avioniéé Techs

e

1 Safety

Elgpseditime, inéluding secure from C/O equals Lk hours!

(968 manhours)

As with Sample Case No. 1, we can now define our basic crew:

DIRECT =~ . SUPPORT

3 thh/Struct Techs - -1 Mech Eng..

5 Fluid and Gas Techs .3 Avionic Eng.

5 Avionic Techs : 3 Fluid and Gas Eng.
3 QC _ _ 1 Tﬁg Operator

1 Safefy.

Total elapsed time 50 hours (1022 manhours)

.59~ ' o<
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Again, from Section 2.3.6.2 the effectiveness factor increases the

manpower expenditure to (1022) x (1.11) 113% manhours.

From Task 2, we find that the mesn time, using the time distribution
functions becomes 55 hours of elapsed time; or a 10% increase..

Utilizing this factor our actual expenditure becomes (1134) (1.10)

1247 menhours for esch turnaround. For the 20/year turnaround of

this mature flow, we will expend 2k, 90 manhours out of an availéble'

46,200 manhours,

o

Backing up the learning curve, aé in Sample Case No. 1, we find that
to accomplish 20 cycles in the first yeer, we would expend 37,862

manhours'ﬁhich is within our available MATPOWET Tesource.

COMMENTS AND RECOMMENDATIONS

While exemining the functions in Sample Case No.,lgland maintaining
the concept of a Central Integration Facility; it was difficult to
understand any real operational gainé to be made ﬁtilizing an
extremely expensive and complicated simulator for pre-Sﬁ mate
verification. With the present limited visibility, we would
recommend deletion of this simulaetor from the CIF flow. TUpon

additional study, this recommendation could change.

It is further recommended that waterfall time lines be developed
and tiered to visually spot possible pitfalls in the flow. Also,
off~line simulations, with built-in time variations should be

developed for all critical funetions,
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1.0 STUDY TASK

-~

In this task, time distributions are created and expressed as mean values,
then times are then modified by appropriate density distribution functions to

more accurately reflect a "real world™ situation.

2.0 TINTRODUCTION

In the course of developing the Shuttle payloasd ground operations simulation
madel, NASA has introduced into the computer program proceésing "times" for
various ground operstions and activities. These "times" for the ﬁoSt'part are
"first-cut" estimates based upon NASA's past experience. They must still be
refingd to the point where normal expected vafiations in the operations and
activities are considéfed.

This refinemenﬁ of processing "times" will consist in:a detail examination
of the activity to be performed and breaking down the overall operation into
more discrete, easily quantified tasks.” Task "times" for these simple more basic
tasks will be developed along with the possible variation in time that‘wouid
normally be expected to occur. These "times" are then modified by appropriate

probability distribution functions.



APFENDIX B
3.0 DISCUSSION

The detailed ﬁevel IT flow for the SU simulation process, developed
in Task - 1 SAMPLE CASE 1 wag further expanded in this task to include
probabllity distribution functions. An off-line, level - 2 GPSS simulation
model was devéloped in order to'evaluate this specific activity. Three basic
probability distribution functioné were used in the model to modify the
specified mean values (fig. 1}.

. The log-normel distribution, with a mean value of one (1)} was chosen

to modify those activities which consisted ;f basiéally a repair function.
This distribution permitted repsir times to vary between zero (0) and five (5)
times the specified mean value.

The exponentisal distribution with a mean value of one (1) was chosen
to modify those activities which consisted of basically a troub;eshoéting
and checkout function, This distribution permitted troubleshooting times
anywhere from zero (0) to as much as ten (1) times the specified mean value.

The normal distribution was chosen to ﬁodify those activities which d4id
not have as large a variastion in processing times as those activities previously
mentioned. Examples of such activitles are tr&nsporting, connecting cables,
dissssembly, ete, |

The incorporation of these probability digtributions into the modél resulted
in an overall activity time of 77.1 hours for the SU simulator process. This
represents almost'a 20% increase over the allocated processing time of 65 hours.

! .

Figure 2 presents‘thé distribution of the activity times for the overall SU

simulation process.

<
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3,0 DISCUSSION (Continued)

Enclosure (1) contains the GPSS simulation model for the SU simulation
process (Sample Case 1). The model was exerciszed for a ten (10). year period in
order to achieve a gatisfactory sample size. Two separate runs are included to
highlight the difference betﬁeen simulations with and without modifying probability
distributions. Tﬁe model was constructed such that 10 clock units equal 1 hour.
Table 1 éontains a 1ist_of GPSS entities and their association with SU simulation
process.

The detailed Level II flow for the SU Simulation Process Sample Case - 2
was also simulated as part of Task No, 2. The same three probability distributions,
previcusly wmentioned, were appiied in the same manner as before.

The incorporation of these distributions into this flow resulted in an overall
activity time of 55 hours for this alternate process. This represents approximately
a 10% increase over the processing time if no randomness‘ﬁas considered, i.e.

50 houré, Figure 3 presents the distribution of the activity times for'this
alternate process, .
Fnclosure (2) contains the GPSS simulation model for this alternate process

(Sample Case 2},

By bl



TABLE 1

GPSSlEntities used in SU Simulation Model

STORAGE 1 ' ‘ The SU Simulator
QUEUE 1 _ The waiting line for the SU Simulator
TARLE 1 Presents the itime it takes for a payload

to pass through the system

TABLE - 2 | Presents the time that a payload with a
discrepancy remains in the system

TARLE 3 ' * Presents the time that the SU Simulator is
' being tied-up, including servicing '



P(t)

1.0

 MEAN = 55,9 HRS.

p— "

100

—r e = > =gt -

200 ' 300
TIME (t)

FIGURE (3)

CUMULATIVE PROBABILITY DISTRIBUTION
FOR
OVERALL S.U. SIMULATION PROCESS
(SAMPLE CASE 2)

100

8 XITONEdAY



APPENDIX B

4.0 CONCIUSIONS

In order to meet'thé allocated processing time of 65 hours for the SU
Simulator activity, itris necessafy to change the normal concept of an interface
simalation process. Sample Case 1, which represents a standard simulation
process, takes too long to complete whén randcmness is introduced into the system.
Instead of cpmpletihg the activity within the allocated 65 hours, it takes
greater than 77 hours to complete., This is uﬁsatisfactory° As a result, an
alternate process.(Sample Case 2) was proposed. This slternate did not use a
simuletor, but instead made use qf the SU itself as a checkout device. The
overall processing time for this alternative (with randomness) was 55 hours,

well within the allocated 65 hours.
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ENCLOSURE (1)

GPSS COMPUTER SIMULATION MODEL -
SU SIMULATION PROCESS

SAMPLE CASE 1
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. SU SIMULATICN PROCESS
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APFENDIX C
STUDY TASK
This task examines the feasibility of automating modeling te

techniques for the purpose of determining capacities and quéntities.

TNTRODUCTION

NASA has found themselves in a situation where a_requiremént
exists to perform a large number of computer simulation runs. Each

one .of these runs postulate and examine a different "what if" situation.

For example, various quantities of support modules, pallets, tunnels,

experiment modules, maintenance facilities, etc. must be anélyzed to
determine the:efféct on the cverall Sortie Lab's avility to meet the
mission requiréments. | |

Because of the constraints and limitations involfed in the use
of their computer systems (UNIVAC 1108 and the IBM 7094) NASA has foﬁnd
it desirable to automate their computer simulation runs. Essentially
this involves the aut;ﬁatic passing of output statistids'from one run
to the next rﬁn in order to establish new cqnstraints on the system.
Normally this passing of infqrmation is accomplished by introducing a
mant into the léop. He examines the output statisties from a given
simulation run, establishes new constraints based on these statistics,
introduces the ﬁew congtraints into the simulation model énd then runsg
the new "what if" condition. This process is repeated o#er and aver |
many times unfil all of the viable alternatives are qnélyzed. This
iteration technigue rapidly beéohes very tedious when even a moderate
number of variables are belng analyzed, because‘the_nuﬁber ofldifferent
combihations becomes unwieldy

5
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INTRODUCTION  (continued)

GAC has rerformed an analysis to determine the feasibility of
automating the GPSS computer simulation runs. Different techniques -
were tried and the results are pregented in the discussion which -

follows.

 DISCUSSION

Two different approaches were tried tq automatically determine an
optimum size or capacity of various equipment or facilities ( "STORAGES™)
Within the model. |

The first approach was to run the model unconstrained in the first
simulation. Upbn completion, place the maximum contents of a given
"STORAGE" intoia "SAVEVALUE" where it could be passed to the next run
after a selectivé "CLFAR" or "RESET" card. In the seéond simulation
(after the "CLEAR" or "RESET") the contents of the "SAVEVALUE" "3j"

(XJ) was then referred to in the storgge definition card. This
unfortunatel& was unsuccessful, fhe storage definifioh card cannot have
an argument indirectly addresse@ or specified, The capacity of the,
"STORAGE" wound up being ﬁhe Valﬁe hj“ rather than the contents of
"SAVEVALUE"-3. "

A slight variation of the above was also tried. Instead of using
the contents of SAVEVALUE "j" as the argument of the storagé definition
card, a VARIABLE statement was psed. This approach proved unsuccessful
as did the above for the same reason.

The second approach was similar to the first inh that the maximum
contents of a given "STORAGE" under study was placed in é "SAVEVALUE"

and passed to the next sequential run. This time, instead of trying to

use the data in the "SAVEVALUE" directly as the capacity, the storage

was pre-loaded by am amount eguivalent to the old capaéity less the

value in the "SAVEVALUE" Xj' ' S ji:?%;‘:
Do : _



EXAMPLE :
RUN - 1
RUN - 2
RUN - 3

INFUT

QUTPUT:

INPUT:

OUTPUT

INPUT:

OUTPUT:

. SAVEVALUE #1

APPENDIX C

Capascity Store #2 = 100 (larger than necessary
‘ essentially unconstrained)

MAX Contents

i

5

5.

 RESET {or CLEAR X1)

Capacity Store #2 = 100
Preload Store #2 with 95 (100-5) Units

Filter Out Transactions from RUN -1

MAX Contents = 5 (same as RUN -1)

Observe Mission Regmt's still being met

.- RESET (or clear X1}

Capacity Store #2 = 100

Preload Store #2 with One (1) more than
Run - 2 (95 + 1 = 96)

‘Filter out transactions from RUN -2.7

Observe Mission Reqmt's still being met

" Reset {or clear X1)

17=



QUTPUT:

.

APPENDIX C

Capacity Store #2 = 100

Preload Store #2 with one (1) more than

previous run

Filter out transactions from previous run

- Observe- Mission Regmt's still being met

Reset (or clear X1)

:l.-l‘é ‘
Koy
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This approach was reasonably. suceessful in that the specified

objective was accomplished, that is, the effective capacity of the

"STORAGE" was determined based upon the output of a previous simulation

The output statistics for the "STORAGE" in question, however, become

distorted since the STORAGE had contained 95.dummy‘TransactionsIfrom

time "£"=0.

The statistics that resulted can be & were modified "off line"

to reflect the desired situation {capacity of storage #2 = 5, L, 3,.

- - -). Enclosure 1 contains a eample GPES 31mulat10n model Four

sequential simulations were_run, utilizing the RESET card to end

one run- & initiate the next.

The storage statistics were modified as per the following

formuilasg:

CAPACITY (MOD.) = SAVEVALUE 1 (for 2nd rUn, decrea31ng by 1
. each sequential run)

AVG. TIME PER TRANS, (MOD.) = MEAN FROM TABLE #1

ENTRIES (MOD.) = # ENTRIES IN TABLE

AVG. CONTENTS (MOD.) = AVG TIME PER TRANS (MOD) X ENTRIES (MOD) /CLOCK

AVG. UTIL (MOD.) = AVG CONTENTS (MOD. ) /CAPACITY (MOD)

MAX CONTENTS (MOD.) = MAX CONTENTS - PRELOAD



APPENDIX C
RUN - 1  (STATISTICS NOT MODIFIED) -

STORE - 2 -

CAPAciTY_(MOD.) - 100
AVG. TIME PER TRANS (MOD) | - 25;25
ENTRIES (MOD) | . 287
AVG CONTENTS (MOD) - 2,415
AVG UTILIZATION (MoD) . - .024
MAX CONTRNTS (MOD) . s
RUN ~ 2.
STORE - 2 |
CAPACTTY (MOD) ' - 5 (100 - 95)
AVG TIME PER TRANS (MOD) - 25.202
ENTRIES (MOD) - 292
AVG CONTENTS (MOD) | S = 2.5 (25.202 x 292/3000)
AVG UTILIZATION (MOD) - . | - Lot (2.h5/5)
MAX CONTENTS (MOD) ' - 3 (8- 95)
RUN - 3
1
STORE - 2 | |
bAwmITY(an A G
AVG TIME PER TRANS (MOD) - 25.506
" ENTRIES (MOD} : - 302
AVG CONTEWTS (MOD) - 2.5 (25,506 x 302/3000)
AVG UTTLIZATION (MOD) A co '6h% (2.56/4)
WAX CONTENTS (80D) - L . (100 - 9%)

-6
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APPENDIX C

RUN - b
STORE - 2
| CAPACTITY (10D}
AVG TIME PER TRANS (MOD)
- ENTRIES (MOD)
AVG CONTENTS (MOD)
AVG UTILIZATION (MOD}

MAX CONTENTS (MOD)

3 (5-2)

2k 887

293

2.h2 (24,887 x 293/3000)
81% (2.42/3)

3 (00-97)
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It §h0u1d be pointed out that a "RESET" card, rather than
2. "CLEAR" card was chosen to separate and reinitiate the different
simulations. Tﬁe "RESET" eard in GPSS-III & CPSS-1100 does not
alter the cgnténts‘of'"SAVEVALUES” whereas the "CLEAR" card does, if
sets everyfhing to zerc, including all SAVEVAﬁUES~ However, the use
of the "RESET" rather than the "CLEAR" creates problems. Besides
not destroying the contents of SAVEVALUES it does not déstroy any
transactions in the model being précessed at the time of fermination
and it sets the storage entry count & maximum contents to the current
contents'of the store at the time of termination. Both of these

characteristics wust be negated by programming techniques in order

to successfully automate the simulation runs.

First, a "LEAVE" block must be inserted at the very end of

the sifmlation ("t" = 3000) to set the current contents to zerc._. - o

When the next sequential simmlation starts the entry count & maximum
contents of the storage will be set to zero (O), instead of picking

~up the current contents at the end of the previous simulation.

Second, an "ASSIGN" block is used to identify each transaction
as belonging to Simulation Run 1, 2, 3, or 4. This is accomplished
changing the "B" field of the ASSIGN block for each simulatiorn. A
"TEST" block is also used in coﬁjﬁnétion with the "ASSIGN" block to

filter off any transactions being passed from the previous rum,

Third, a table is utilized to measure the transit time through
the STORAGE. Both, a "RESET" & "CLEAR" card tend %o cause erroneous

STCRAGE Ouﬁistatistics. The average time per transaction can be
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lower than the true value. (lNote: This is explained in the

GPSS-IIL usérs Manual; page ~ 163}, The use of a table to

- measure the average transit time of a transaction through a

étor&ge enables the analyst to access the true AVERAGE TIME FER

TRANSACTION,

It should be noted that in other versions of GPSS, such as
GPSS-360, a selective CLEAR card can be used to'separate the'~
different simulation runs. Field "A" of this card specifies
which SVAEVALUES should not be changed to zero (0). This_seléetive
CLEAR offers.the advantages of not having to filtef out transactions
from the'previeus run.and not having ﬁo set the storage to zero before

the run terminates.

COURSE OF ACTION

The above technique allows the ahaiyst to pass data from one
simulation to the next, using this data as constraints in the
following runs. The problem remains, however, to determine whieh

storages should be examined, and in what order.

Presentiy, cost seems to be the determining factor, Those
STORAGES which-represent'high cost facilities should be examined
first followed by the less costly facilities. The task still
remains Lo determine how this system df priofities should be

integrated into the simulation model,

ety
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nLock

CARD
MUMBER  sLOC  OPERATION AWB.CyDEWFG_ ' COMMENTS — e NUMBER
. 1
SIMULATE 2
e VARTABLE | 100-%Y _ e e o S PO S
2 VARTABLE Vitl 'y
3 VAR T ABLE Vvis2 o5
L L& vamvamLE Xy e o o o B 6
2 ST IRAGE 100 T
1 TaRLE Ml,0eslo40 a
_ 1 L GENERATE 1045 e ~ o ) e 9
e T oL Asst1G6H let T - 10
3 MNT ¥EST GE Biil«POR 3]
a QUEHE 1 . _ e 12
‘_”'""_‘:.""I b (MAPK R - 2 T "_' - 13
6 ENTESR 2 14
o DERART 1 o e R £
A TUTTTT mawance”T T REl 10 T g o 16
o ) . LEaAavE 2 i 4
oove L. TARULATE 1 O SO e e o 1a .
11 PpGR TERMINATE 19
12 GENERATE 3000 20
L 13 ARG SAVEVALUE  1.SMZ e o e -1 i
14 LEAVE 2.82 . T 2z
15 TERMINATE -t 23
16 DEF __.GENFRATE  3100,4,480 - . S . e 24
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e STARY — e, - . 3a
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12 GEETAYE 3ago . - T T o T T " T
13 SAVEVALUE 1 SMa
s LeAve .2 g2 ) ‘ _ e L o ) s
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auEuyE T maXTMgu AVER 8GE TOTAL - ZEROQ PERCENT AVERAGE $AVERAGE TABLE CURRENTY
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TABILE 1
EHNTRIES

IN TAALE =

__MEAN ARGUMENT

_STANDAPD DEVIATION

. SUM OF ARGUMENTYS _

235 25.312 5.988 214,000 NON-¥S IGHTED
MgPPR2 - ORSERVED |, _PER CENT _ CUMULATIVE CUMULATIVE UL T TPLE _._ DEVIAYTION
LIMIY FREQUENCY OF TATAL PERCENTAGE REMAINDER 0OF MEAN FROM MEAN ‘
a o « 00 .0 100.0 ~ 2000 ~4.226
_ B . N S 00 L0 100.0 CWB3¥ . -s4e089 _____
2 0 «00 | .0 100.0 . 078G ~3.892
3 0 « D0 <0 10040 EY: -3.725
e . . « 00 . .0 £00.0 «158 . =3,558 o e
5 a .00 .0 100.0 197 . =3.392
& o .00 .0 100.0 237 ~3.225
L . I P L L S R 100.0 . e276 -3.058 e I
| 3 2 .00q <0 100.0 +316 ~2.891
> 9 o 00 .0 103.0 . 355 -2.724
U - L . S 200G _ 0 _teo.o - .39 =2.557
1t i ] .00 .0 1300 «434 -2.380
12 o] « 00, « O 100.0 «4T4 ~2.223 -
o __ i3 o L0 .00 S I 16040 . #5113 ¢ -2.0S56 e
1a ' [} «Q0 <0 100.0 ¢553 ~-1.889
15 15 8.26 5.2 94.7 592 ~1.722
T 1 S e 3415 Baa N 81.5 . 632 =1.555 _ e
17 10 3.50° 1.9 BB.0 671 ~1+388
18 12 a.2t 161 83.8 7Y -1.221
. - 3 Ly 3,85 19,9 RGO  _e7?30 . ~1l.08& __
20 17 5,95 25.9 T 7440 o790 ‘-,B87
21 A1y 3.85 29.8 FO.1 «B29 -4 P20
. 22 19 .. B.68 36.4 . 63.5 . =B&9 =883 __
23 12 4,21 40.7 5942 « 504 -+336
2a 20 7401 4747 52,2 «948 -e219
e _25 L 9 315 50.8 L B9eN.  eSRT  =.082 _ _— _
24 15 5.26 © - B6.l 43,8 1.027 s114
27 11 3.85 59.9 40.0 1,066 «281
B L . 13 4+56 . 68,5 e B5a8  _ bel06 . La&R L 3
25 L9 5.66 TLa2 28.7 1145 +615
30 9 3.15 Ta.3 256.6 1.1R5 $ 782
RS- | R 1 DU -1 1 S - 1 7 A 19,2 L be220 w89
32 10 3.50 B4.2 1547 1.2564 1:116
a3 17 5496 0.1 9.8 14303 1.283
38 1 3.85 94,0 B9 . ¥e383 _  t.a5p _
s 17 5.96 100.0 «0 1.382 : 1.617
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RFLATIVE CLOCK
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ALDCK CURRENT
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TABLE 1

ENTRIES IN TABLE

_MEAN ARGUMENT _

~..STANDARD DEVIATION .

- .. .SUN OF ARGUMENTS

292 25.202 5,937 7359, 000 NON=WE IGHTED
S UPPER  OBSERVED PER CENT __  CUMULATIVE CUMULATIVE _MULTIPLE DEVIATION e
LimrT FREAUENCY OF TOTAL PERCENTAGE - REMAINDER OF MEAN FEOM MEAN
o o <00 .0 100.0 - .000 T~ .24
. ) B Y 00 . el 100.0 %039 - 4,076 e
2 0 $ 00 .0 100.0 079 -3.907
3 a 200 .0 10D.0 ot19 -3,739
. :_4 L _0.7 QGDA o o -'D 100.0 ) -158 —3.570 . e .
5 0 .00 .0 100.0 198 -3.a02
& ¢ 00 .0 100.0 EETE -3.23a
. T N _ VOO0 _ Y 100.0 _ . 277 -3.065 D
A o .00 0 100.0 317 -2.897
] ] + 00 a0 t00.0 357 ~2.72%
o . T B <00 o .0 160.0 2396 -2.560 e
1 ‘0 00 « 0 10040 2436 —2.391
12 o +00 .0 100.0 875 -2.723
__ 3 e 00 a0 100.0 a515 . —Z.085 ) o
14 [+ £ 00 +0 T00.0 +555 -1.B86
15 1a 5.16 6.l 93,4 .595 -1.718
~ _ 15 IR & I T 4- S ¥ P 89,0 «634 ~1.549 o
1T 8 2,73 13.6 8643 T .6T4 -t.381
18 5 1.71 15,4 R4.5 et -1.212
B 19 e e 20 . fa. 84 - . 22.2 77 . « 752 - -1e0us e e e _ .
20 ' 100 3.42 25.5 74.3 793 . -2 878
21 12 4.10 29.7 70.2 2833 -.707
o - R - T Sel3 34,9 65.0 . __e872 ~+539 e
23 ' 11 ) 3.76 38.6 Gied -TE. -4+370
24 1A GBel & 44,8 5Sel. 2952 -.|202
e 25 14 ~ 479 a9.& S0.3 e w991 me038
26 18 6e16 55,8 44,1 1.031 o134
27 13 4.45 60,2 39.7 1.07% 302
280 2y TewT  s@. B .. 31.8 o tervr 871 o
” - 29 T 11 3.76 ” 719 29.0- tal50 «6239
1a 16 S.47 77.3 22.6 1190 808
a1 Ll O T L - -1 | o 17.8 1230 e %978 s
r - T R ' 2.73 84.9 15.0 1.269 1+164
33 15 5.13 G040 9.9 1.309 1.313
a4 20 i &.84 _.96.9 } L0 L Me3a9 _le4BL
T T T T s T T e T Ao 100.0 .0 1.388 C . 1.650
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. ‘nur-tug!ﬁ MAX TMUM AVER AGE TOYAL ZERD PERCENT AVERAGE SAVERAGE TABLE CURRENT ‘
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TABLE - 1

ENTRIES IN TARLE  MEAN ARGUMENY o STANDARD DEVIATION. _SUM OF ARGUMENTS e O
302 25.506 64015 7703.000 NON-WE IGHTED
LLUPRER . OBSERVED  PER CENT | CUMULATIVE CUMULATIVE MULTIPLE DEVIATION e
LIMiT FREQUENCY nF TOTAL PERCENTAGE HEMAINDER OF MEAN FROM MEAN
a o $00 .0 100.0 | ~,000 —8,240
N L =00 Y 100.0 2039 . =~a,073 o
2 ] : «00 el 100,.0 «078 - =3.907 '
3 o] 200 oo_ 100.0 al117 -3aT741
e L 8 s00_ .8 100.0 _ at156 L ~3.575 o
5 o 00 w0 1N0.0 . 195 ~3,409
5 o 00 +0 i00.0 215 ~3.2482
im0 .00 L0 ) 100.0 ~ _ a274 =3.076 o
8 ¢ .00 .0 10040 e313 -2,910
‘9 Q «00 NN 100.0 352 ~2.743
to e e00 . e® 100D _ _ _s392 L m2eSTT
1 ’ : <00 T I 190.0 w43y —2.411
12. 0 .00’ ' .0 100.0 C 870 ~2.245%
e R Y3 .8 o0 T L I 100.0  +509 _m2e0T9
14 Q 00 .0 100.0 «540 -1.912
15 1S 4.96 a.9 95.0 +588 “1.7486
_ . X8 S B S 3«11 Ba.2 1.7 .. e862T ... =1«5R0 e
L7 - 11 - 3.64 11.9 AR, 0 656 -1«414
15 13 4.30 16.2 83.7 «705 ~l.247
R A ———_ 20 Geb2 __P22.B _TTel L. . eT84 - . mtaoB! -
20 r 2.3 251 T4 a8 «784 ~a915
-2 14 4.63 29.8 70.1 +B23 -eTAG
22 1t 3.6 3304 _ 66.5 - @62 . =—s582 N
23 12 397 37.4 62.5 T e901 T —a416
74 16 S5.29 42,7 57.2 940 —e250
e 25 12 3.or 46.6 . ®53.3 e _..e980 - —,08&8 o
26 24 T«94 54,6 45.3 1+019 . «+0R2
a7 15 4.96 S9.6 40.3 1.058 «24R
28 20 __G.82 . 66,2 . 33.7 1e097 . .ala o
29 12 3.97 T0.1 29.8 : 1.136 «S5A0
. 30 9 2498 73.1 26.8 1.176 T4t
S | T 15 8O TBY L 2VeB __ Be235 -1 5 2 L
AT 18 5,96 8441 158 1.254 L0789
33 (%, 5.62 BO,7 16.2 1293 1,245
3a 13 4430 94,0 - B¢ 14332 e kea1l -~
.35 t8 5.96 100.0 ) 1372 1.578
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CONTENTS OF FULLWARD SAVEVALUES (N3N~ZERO) . '
SAVEVALUE MR, = VALUE = HR, ~. VNALUE _ WR, - MALUE _ NAs _ __VALUE___

. : e NRs_ . VALUE
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- FONYENTS  _ CONTENTS __ ENYRIES  ENTRIES

MAXTMUM AVERAGE . - TOTAL ZERD

PERCENY

- AVERAGE

SAVERAGE TABLE

e i Tl_w_ZERGS_ . S | HEIIRANS___ L TIME/TRANS A‘ NUMRAER
1 |} 003 . 295 289 27 .9 «340 24000
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TANLEY E
FHTOIES IN FARBLE  MEAN ARGUMENT _ STANDARD DEVIAYION , ... SUM OF ARGUMENTS
293 24,387 6.050 7292.000
B oo .. UPPER . DASERVED _ PER CENT _ CUMULATIVE CUMULATIVE MULTIPLE
LIMIY FREQUENCY OF TOTAL PERCENTAGE REMATNDER AF MEAN
) o 00 a0 - t00.0 - 000
o R S w00 o .n 100.0 2040
2 . v] +«00 +0 10040 =+ 080
3 0 -« 00 o 0 LOD.O =120
L I I - B 00 Y 100.0 <160
=) 0 « 00 +« 0 100-0_' »200
& 0 O .0 100.0 2281
el D O w00 .0 100.0 ~ 2201
a o 00 « 0 100.0 a321
9 o «00 .0 190.0 . 361
) L S S - 1- S S 100.0 L60}
1 o .00 .0 100.0 b4l
t2 o 00 .0 100.0 1482
3 I ¥ . I L. .00 .0 100.0 822
14 [+ +00 « 0 ‘1000 +562
15 12 4,09 a,0 95 .9 602
e o . _ ‘t‘_) e 10 . __3-“‘ P '__”7-5 N Q2.4 . 542
17 t2 4,09 1146 AR, 3 603
1R p2 ‘7.50 19,1 30.8 « 723
_______ YO N 8T 23.8 Thel __ e763
20 24 8.19 iz,0 67.9 803
21 15 5.11 37.2 62,7 «B43
o e B2 M0 3aay 40,6  5g,3 _ .83
23 16 S.46 ' 46,0 53.9 +924
2a 13 4.413 50,5 49,4 «964
el RS2 4,09 o S4.8 - 45.13 . __1.008&
26 a 2.7 47,3 42,5 1.044
27 q 2.73 60.0 39.9 1.084
— 2B 15 Satt .65l 3648 . p.125
29 15 5.11 T 703 29.6 1.165
30 16 5.46 75.7 28.2 1.208
3l 19 6.58 "B2.2 : 1747 1.2a5
[ T S T At T aLa3 T T T g ,e T 13,3 7 t.285
33 ¥ 478 90 .4 9.5 1s325
o 3 16 . Be8& 98, 4.0 1386
T Tas 7 i2 T 4.0 "T100.0 .0 {2506
REMAINING FREQUENCIES ARE ALL ZERD
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T S
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APPENDTX D

1.0 STUDY TASK

In this task a critique was performed on the NASA modeling operation.

2,0 INTRODUCTION

A szample GPSS-IIT Simulation Mbdés, developéd by NASA, was reviewed by
GAC as to programming technique and depth of analysis: This particuler - -

model was a somewhat outdated version of the "Sortie Lab-Ship and Shoot".

3.0 DISCUSSION

The first part of the simulation is involved with the determination of
mission hardware requirements. -This-process involves a random pick to determine
which particular flight, out of a total of 33, is going to be launched. Once -
tﬁe flight is determined various equipment and'payloaﬁs are phosen in:aécordance )
with the particular.ﬁlight.

This random scheduling routiné seems to work,quite ﬁell;.however, it migh£,
Bé ﬁore involved than is actually nécessary.- A predetermined léunch schedule,
hased on payload rgéuirements,'wéuld involve congiderably less pfogrammihg and
could prove to be more flexible, Since in actual practice the launch schedule
'will be well thought'out and plénned in-advance, a predetermined schedule seems
to be a more realistic‘approach.

The second part of the éimulation répresents the ac£u31 flqw of equipment
through the ground operating system. Thislflow is reletively straight forward,
and to a great extent,_foilows the "English Language" diagram, Tﬁis routine,
Ihowever, could be expanded to show more detail in various operétions; such as,
Inspection, Safing, Intggration; etc; Major pieces of equipment and fecilities
involved with these opefations'should also be included in thé mbde1. This will
permit greater visibility into the actual equipment requirements, ahd the
relationship between the equipment and_the pefforménce of the fotal payload

ground operations system. ' | ‘ 155¢



APPENDIX D

4.0 CQURSE OF ACTION
Grumman will continue fo revieﬁ NASA's simulaetion models as to programming

- technique and depth of analysis. ‘Once.a Sortie Lab baseline is established and

‘é simulatibn modeling.effort begins, Gruﬁman'wi;l review'fhé:hodel and make |

recommendations in order to increase the effectiveness of the model.

1



